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MULTI-DEPTH DISPLAYS 

[0001] This Nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on UK Patent Application No. 
05221429 ?led in the United Kingdom on Oct. 31, 2005, the 
entire contents of Which are hereby incorporated by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The invention relates to multi-depth display 
devices methods. 

BACKGROUND OF THE INVENTION 

[0003] Some vehicles noW contain a display in the dash 
board to shoW the instrument cluster rather than more 
commonplace mechanical dials. One factor that has limited 
the Widespread acceptance of such displays is the realism 
With Which they can represent the instruments. The current 
invention attempts to address this issue by describing a 
display that can produce multiple images at different depths 
using only a single display as an image source. Such a 
display could shoW the instrument panel at one depth and the 
needles and Warning indicators ?oating above it. This Would 
increase both the visibility and realism of the instruments 
leading to a Wider user acceptance. 

[0004] A display that can produce multiple images at 
different depths Would have many further applications. For 
instance it could be used for a car navigation display, to 
alloW Way-points or items of interest to ?oat above a 
background map. It could be used as a personal computer 
display to add functionality to current operating systems and 
applications. It could be integrated into a games system to 
provide limited depth plane 3D. It could be integrated into 
medical imaging systems to alloW the operator to overlay 
various data sets. In fact many of the applications of current 
auto-stereoscopic displays Would be appropriate for this 
invention. 

[0005] The prior art teaches us hoW to make stereoscopic 
and auto-stereoscopic displays from a single panel, hoWever, 
these devices produce a stereo image pair rather than true 
depth. Drawbacks of auto-stereoscopic displays include: 
limited head freedom, and eye strain due to con?icting depth 
cues (convergenceiaccommodation). 

[0006] Us. Pat. No. 4,736,214 (Rogers, ?led 16 Jul. 
1985), illustrated in FIG. 1, describes a ?lm projector 2 
Which uses ?lm 4 that contains tWo images for each time 
frame, a background image 6 and a foreground image 8. The 
tWo images are projected via different length optical paths to 
produce a motion picture With tWo depth planes. This 
generates the multiple depth effect but requires large, expen 
sive ?lm apparatus and a bulky series of mirrors 10, 12, 14 
to create the path difference. 

[0007] Various types of volumetric and multi-panel/multi 
screen displays have also been described. Deep Video Imag 
ing (WO99/42889, WO03/040820A1, WO2004/001488A1, 
WO2004/002143A1 and WO2004/008226A1) describe a 
display, illustrated in FIG. 2, constructed from tWo spatial 
light modulators (SLMs) 16 and 18 overlaid in front of a 
light source 20 to create a single device With tWo depth 
planes. This achieves a similar effect to the current invention 
but With the folloWing draWbacks. Moire fringes occur due 
to the same regular pattern of the black mask on both of the 
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panels 16 and 18. The use ofmultiple panels 16 and 18 leads 
to a very loW light transmission and thus a very bright 
backlight is needed. The system is subtractive, so a back 
pixel must be on for a pixel in front to be seen, Which means 
a light object cannot be shoWn on a dark background. As 
light must pass through both layers, parallax effects Will 
occur at boundaries. The display uses multiple SLMs Which 
makes the system expensive compared to a standard display. 
To increase the number of depth planes the number of SLMs 
must be increased (there is a 1 to 1 correlation betWeen depth 
planes and SLMs). The system requires synchronised con 
trol of multiple display panels. 

[0008] Application U.S. Pat. No. 2004/0029636A1 
describes a similar multiple panel display device, hoWever, 
it is speci?cally targeted at a Wagering gaming device. 

[0009] EP1059626A1 and EP0454423A1 describe multi 
layer displays but With ?xed electrode patterns speci?cally 
targeted at certain applications such as a Watch and hand 
held game. EP1265097A2 refers to a display for an auto 
motive instrument cluster consisting of a matrix addressable 
display overlaid With a patterned display capable of shoWing 
speci?c vehicle functions. DraWbacks are the same as above 
for multiple panel displays, but in addition they can only 
shoW limited images as dictated by electrode patterns. 

[0010] EP1093008A1, JP02-262119A, WO91/12554A1, 
JP62-235929A and Us. Pat. No. 2002/0105516A1 disclose 
volumetric displays based on multiple layer scattering and 
polariser free display panels. These are designed to improve 
the brightness of the resulting image compared to absorbing 
display panels, but have a number of draWbacks. The dark 
(no light) state is produced by the no scattering state. In this 
case the light is transmitted to the environment Which Would 
not be suitable for an automotive display, particularly for 
night time driving. In addition multiple displays make the 
system expensive. These types of display also have sloW 
sWitching times and are not suitable for the Wide tempera 
ture ranges of the automotive environment. 

[0011] Us. Pat. No. 4,333,715, U.S. Pat. No. 2002/ 
0163482A1 (scattering) and Us. Pat. No. 4,670,744 (re?ec 
tion) disclose time sequential projection volumetric dis 
plays, illustrated in FIG. 3. These operate using a projector 
22 to display the images for each plane sequentially in a 
single display frame. The re?ective or scattering panels 24 
are then sWitched on in synchronisation With the images. 
There are a number of disadvantages. Time sequential 
projection requires the device to operate faster than video 
rate, Which is di?icult With current technologies over a Wide 
temperature range. Also, synchronisation With shutters is 
required, and the system is bulky due to projection optics. 

[0012] DaimlerChrysler F500 Mind Car research vehicle 
shoWn at the 2003 Tokyo motor shoW (and described at 
http://WWW.daimlerchrysler.com/dccom/0-5-7154-1 
150005-1-0-0-149730-0-0-8-7145-0-0-0-0-0-0-0.html) 
demonstrated an instrument cluster Which overlaid, by 
means of a half-silvered mirror, a standard cluster and an 
LCD panel. HoWever, this requires extra volume as tWo 
displays must be at an angle to each other, and the multiple 
displays make the system expensive. 

[0013] WO98/10584A2, illustrated in FIG. 4, describes a 
device using multiple display devices 26 and 28 and a 
partially silvered mirror 30 to produce tWo image planes at 
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different depths. This embodiment is bulky and costly due to 
using tWo displays. In a separate embodiment, the device 
produces tWo images derived from large regions of the same 
display device, as illustrated in FIG. 5. FIG. 5 shoWs a 
display device 32 divided into foreground elements 34 and 
background elements 36. Light from the foreground ele 
ments 34 passes directly to expansion elements 38, Whereas 
light from the background elements 36 is re?ected ?rst by 
mirrors 40 and then by partially re?ecting mirrors 42 before 
reaching the expansion elements 38. The background image, 
formed from the background elements 36, therefore appears 
to the vieWer to be further aWay than the foreground image 
Which is formed from the foreground elements 34. As the 
elements 34 and 36 are large, additional elements 38 are 
required to expand the sections of the image to ?ll the entire 
display region. These extra elements 38 lead to a reduced 
head freedom due to the f-number of the lenses, and the 
additional elements require exact alignment With the regions 
of the display. TWo mirror elements 40, 42 are required per 
section Which is both bulky and costly. Any aberration in the 
lenses Would cause image distortion as the vieWer moves 
relative to the display even if it is perfectly compensated on 
axis. 

[0014] WO98/10584A2 also describes a third con?gura 
tion, illustrated in FIG. 6, Which is a time sequential method 
in Which a rod 44 With mirrors, lenses or projections screens 
46, 48 attached is rotated in synchronisation With images 
displayed by a projector 50. The items attached to the rod 44 
are at different distances from the display device so that the 
observer sees tWo different depth images. The device 
requires a bulky projector 50 and spinning rod 44, and 
rotation of the rod 44 must be synchronised With the 
projected images. 

SUMMARY OF THE INVENTION 

[0015] The invention seeks to provide an improved multi 
depth display apparatus for displaying images at at least tWo 
different perceived depths, using a single display. 

[0016] The invention provides a multi-depth display appa 
ratus and a method of producing at least one multi-depth 
image as set out in the accompanying claims. 

[0017] A multi-depth display apparatus of the present 
invention for displaying images at at least tWo different 
perceived depths comprises a display panel comprising a 
plurality of pixels arranged to display at least a ?rst image 
and a second image; and a direction changing layer arranged 
so that light forming said ?rst and second images enters the 
direction changing layer and then exits the direction chang 
ing layer, Wherein: in relation to the light forming said ?rst 
image, the direction of the light is changed by the direction 
changing layer so that the light exiting the direction chang 
ing layer is changed in direction by a ?rst angle relative to 
the light entering the direction changing layer; and in 
relation to the light forming said second image, the direction 
of the light is changed by the direction changing layer so that 
the light exiting the direction changing layer is changed in 
direction by a second angle relative to the light entering the 
direction changing layer; and Wherein said ?rst and second 
angles are different; so as to create a difference in perceived 
depth betWeen said ?rst and second images When vieWed by 
a user. 

[0018] A method of the present invention of producing at 
least one multi-depth image uses the display apparatus of the 
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present invention, the method comprising at least the steps 
of: a) using said display panel to display a ?rst image in a 
?rst range of directions and a second image in a second 
range of directions, and b) adjusting the direction of the light 
forming said ?rst image by a ?rst angle, and adjusting the 
direction of the light forming said second image by a second 
angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Embodiments of the invention Will noW be 
described, by Way of example only, With reference to the 
accompanying draWings, in Which: 

[0020] FIG. 1 is an illustration of a prior art arrangement 
described in US. Pat. No. 4,736,214 described above; 

[0021] FIG. 2 is an illustration of a prior art arrangement 
described in WO99/42889 described above; 

[0022] FIG. 3 illustrates a prior art arrangement described 
in US. Pat. No. 2002/0163482A1 described above; 

[0023] FIGS. 4 to 6 shoW prior art arrangements described 
in WO98/ 10584 described above; 

[0024] FIG. 7 shoWs the basic concept of embodiments of 
the invention described herein; 

[0025] FIG. 8 shoWs the construction of a typical image to 
be shoWn on a display in an automotive application; 

[0026] FIG. 9 shoWs an embodiment using a prismatic 
?lm; 
[0027] FIG. 1011 shows an embodiment using a mirror 
layer; 

[0028] FIG. 10b shoWs an embodiment using a Total 
Internal Re?ection (TIR) layer; 

[0029] FIG. 11 shoWs an arrangement for removing hori 
Zontal o?fset; 

[0030] FIG. 12 shoWs an embodiment using a patterned 
retarder and a polarising beam splitter; 

[0031] FIG. 13 shoWs an embodiment using a birefringent 
material as a polarising beam splitter; 

[0032] FIG. 14 shoWs an embodiment using a birefringent 
material and a patterned retarder; 

[0033] FIG. 1411 shows a method of separating images of 
different polarisation using a mirror layer; 

[0034] FIG. 15 shoWs an embodiment using a sWitchable 
liquid crystal prism layer; 

[0035] FIG. 16 shoWs an embodiment using a sWitchable 
retarder; 
[0036] FIG. 17 shoWs an embodiment using colour ?lters 
to alloW the tWo images to be distinguished on the basis of 
Wavelength; 

[0037] FIG. 18 shoWs an embodiment using narroW band 
phosphors; 

[0038] FIG. 19 shoWs an embodiment using narroW band 
LEDs; 

[0039] FIG. 20 shoWs an embodiment Which produces tWo 
dual depth images; and 
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[0040] FIG. 21 shows hoW large differences in optical path 
length can be achieved by Waveguiding Within a substrate. 

DESCRIPTION OF THE EMBODIMENTS 

[0041] FIG. 7 shoWs the general concept of a single 
display 52 that can produce multiple images multiplexed in 
either angle, polarisation, time or Wavelength folloWed by 
optics 54, 56 Which cause the multiplexed images to take 
different optical paths to the user, such that they are observed 
to overlap at different depths. There are a number of Ways 
the optical paths can be altered depending on the method of 
multiplexing; for example using a birefringent material, or 
by dilfractive, refractive or mirrored elements. 

[0042] Multiplexed images are then shoWn on the display 
corresponding to the multiple planes of the required output. 
FIG. 8 shoWs an example pair of images 58, 60 for an 
automotive application and the corresponding interlaced 
image 62 that could be shoWn on a spatially multiplexed 
display. 

[0043] A ?rst embodiment is shoWn in FIG. 9. It consists 
of a multi-vieW display 64; that is, a display that can produce 
independent images multiplexed in angle. This could be, for 
example, a display (display panel) 66 With an absorbing 
barrier 68 over the pixels arranged such that When vieWing 
the display oif axis some of the pixels are obscured. This 
barrier 68 may take one of many forms as is knoWn in the 
art, for instance it may obscure every other sub-pixel or 
every other pixel. A suitable parallax barrier 68 is described, 
for example, in GB 2,405,542. Note that there are other 
methods for creating a multi-vieW display, such as using a 
lenticular array instead of the barrier 68, using a directional 
backlight or using the inherent properties of the display. 
These methods are knoWn to those skilled in the art and as 
such are not covered in this disclosure. As is also knoWn in 
the art this type of display is not limited to just tWo images 
or vieWs. 

[0044] At a distance from the surface of the display 66 is 
placed a prismatic ?lm 70 consisting of repeating sections of 
prism elements 72. The number of elements in each repeat 
ing section is equal to the number of distinct depth planes. 
Each repeating section 72 has ?rst and second surface angles 
74 and 76 designed such that the light from the correspond 
ing depth plane image is refracted toWards the vieWer, such 
that When the vieWer is in the correct vieWing region they 
can see the images from all of the vieWs simultaneously 
overlaid at different depths. Note that the number of prism 
faces 74, 76 is not necessarily equal to the number of vieWs 
produced by the display, as it is possible to use one prism 
face to refract more than one image, as Will be described 
beloW. 

[0045] FIG. 9 shoWs the situation in Which the display 66 
produces tWo vieWs, one normal to the display 66 and one 
at an angle of approximately 30 degrees, Which is for 
example only and in no Way limits this application. 

[0046] It should be understood that the display panel 66 
may produce more than tWo vieWs. Also, any distance can be 
used betWeen the display 66 and the prismatic ?lm 70. 
Increasing the distance increases the depth betWeen the 
planes perceived by the vieWer. The prismatic ?lm 70 may 
be larger than the display 66 to provide for a large head 
freedom, but this is not necessary. The display 66 need not 
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necessarily be parallel With the prismatic ?lm 70. The pitch 
of the repeating sections of the prismatic ?lm 70 should be 
small to avoid being visible by vieWers. The prismatic ?lm 
70 is shoWn in FIG. 9 as being ?at/plane in one section, but 
this need not necessarily be the case, and the prismatic ?lm 
70 may have prism angles in both sections. In addition, 
although FIG. 9 shoWs one of the paths (path 1) as being 
normal to both the display 66 and the prismatic ?lm 70, this 
need not necessarily be the case. To produce different depths 
it is only necessary that the paths (paths 1 and 2 in FIG. 9) 
are different. FIG. 9 also shoWs an example in Which the 
vieWer is on-axis, i.e. path 1 and path 2 leave the prismatic 
?lm 70 at 90° to the prismatic ?lm 70. HoWever, the display 
could be con?gured so that the normal vieWing position is at 
any angle to the display 66 and prismatic 70. The pixels of 
the display 66 need not alternate regularly betWeen the tWo 
or more vieWs, and any pattern of interlacing could be 
adopted. 

[0047] In FIG. 9 Path 1 (corresponding to the ?rst vieW) 
exits the prismatic ?lm 70 at an angle 71 relative to its angle 
of entry, and Path 2 (corresponding to the second vieW) exits 
the prismatic ?lm 70 at an angle 73 relative to its angle of 
entry. Angle 71 is 180 degrees, Whereas angle 73 is greater 
than 180 degrees. The prismatic ?lm 70 acts as a “direction 
changing layer” Which may change the angles of Paths 1 and 
2 by ?rst and second angles respectively. In FIG. 9 the ?rst 
angle is Zero (ie Path 1 is unchanged in direction) and the 
second angle is about 30 degrees. HoWever, in other embodi 
ments both Paths 1 and 2 may be changed by the direction 
changing layer. 

[0048] A further embodiment is shoWn in FIG. 10a. It 
consists of a multi-vieW display in Which corresponding 
components have the same reference numerals as in the 
previous embodiment, but uses a layer of mirror elements 78 
instead of a prism array, as a direction changing layer. The 
mirrored elements 78 are arranged to have a similar effect as 
the prism elements, that is, to re?ect the light from each of 
the vieWs toWards the user. The ?gure shoWs only a single 
mirror angle as the second vieW is normal to the display 66 
and can thus pass betWeen the mirror elements 78 to the user. 
HoWever it is possible to have multiple angled mirrors if 
more vieWs are required. It should be noted that the repeat 
frequency of the mirrors should be higher than the repeat 
frequency of the pixels in the display 66, otherWise the 
sections of the display visible in each mirror Will appear 
reversed. It should also be noted that the light re?ected by 
the mirrors is brought to a one-dimensional focus above the 
direction changing layer. That is, the light is focussed in the 
plane perpendicular to the plane of the mirrors, but not in the 
plane parallel to the mirrors, in much the same Way as light 
is focussed by a cylindrical lens or mirror. Thus, if the user 
places their eyes perpendicular to the plane of the mirrors, 
they Will observe the second image to be above the display, 
hoWever if they place there eyes parallel to the mirrors it Will 
appear beloW. 

[0049] The mirrors may take any angle to the vertical, the 
larger the angle, the more aberrated the image Will appear. 
A special case occurs When the mirrors are vertical, in Which 
case the image is no longer aberrated and is formed in an 
equal position to the original object, but on the opposite side 
of the direction changing layer. Thus providing a depth 
difference of tWice the separation betWeen the direction 
changing layer and the display. It should be realised that in 
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this situation the secondary image cannot be vieWed on-axis 
as the mirrors Will be parallel to the user and thus present no 
re?ective surface. 

[0050] The mirror layer 78 of FIG. 1011 can be formed by 
embedding re?ective metal or dielectric ?lm elements in a 
polymer. A prism ?lm substrate is ?rst made by embossing 
or moulding a plastic ?lm. A re?ective metal (for example, 
aluminium, silver or chromium) or a multiple-layer dielec 
tric ?lm is deposited by evaporation from a source posi 
tioned in a vacuum chamber so that the faces on only one 
side of the prism elements are coated. The structure is then 
coated With a curable polymer resin Whose refractive index 
matches the substrate, and a ?at polymer sheet is placed on 
top to ensure optical ?atness. The resin is cured. All trans 
parent parts of the structure are optically matched (have the 
same index) so that the boundaries betWeen them are not 
visible and the result is a mirror array embedded in polymer, 
Which can be used as the mirror layer 78 of FIG. 10a. 

[0051] As shoWn in FIG. 10b, the mirrored elements 78 
may be replaced by a transparent medium 80 in Which Total 
Internal Re?ection (TIR) can occur, Which has the same 
effect of re?ecting the light toWards the user. 

[0052] The optical path difference Which causes the depth 
difference can be more complex than just a single bend/ 
deviation. FIG. 21 shoWs hoW large differences in optical 
path length can be achieved by Waveguiding Within a 
substrate 81. Light entering the substrate/prism ?lm 81 
along path 1 is refracted at the upper surface and travels 
toWard the user. Whereas light travelling along path 2 is 
totally internally re?ected at the upper surface and 
Waveguides doWn the substrate 81 before exiting, When it 
refracts from the upper surface toWards the user. This 
method produces a much greater depth difference between 
the tWo planes than the simple refraction methods. In this 
embodiment the actual prisms 83 at the top of the substrate 
81 can be regarded as a direction changing layer, separate 
from the body of the substrate 81 Within Which a path 
difference arises. The prism ?lm/ substrate 83 illustrated in 
FIG. 21 can be used instead of the mirror layer 78 illustrated 
in FIG. 10a. 

[0053] Manufacturing methods for prism ?lms of the type 
shoWn in FIG. 21 are Well knoWn. A number of companies 
around the World produce such ?lms, including 3M (St. 
Paul, Minn.: products sold under the trade name ‘Vikuiti’), 
Fresnel Optics (Rochester, N.Y.). U.S. Pat. No. 6,560,026 
(Gardiner, ?led Jan. 16, 2002) gives some details of manu 
facturing methods for such ?lms. 

[0054] As Well as causing a change in depth, the deviation 
in optical path can also cause an undesirable translation in 
the image. This can be corrected by altering the image 
displayed, as is shoWn in FIG. 8. HoWever, this leads to an 
area at the top and bottom (or left and right) of each image 
Which contains only one depth plane. 
[0055] An alternative to image correction is to compensate 
the path of the light. FIG. 11 shoWs an illustration of hoW 
this can be achieved. TWo turning elements (direction chang 
ing layers) 82, 84 are used, such that their combined effect 
is to return the light paths to being approximately coincident. 
This removes the offset While retaining the depth difference 
between the images. The turning elements 82, 84 can be any 
of the direction changing layers of the other embodiments, 
for example the prismatic ?lm of FIG. 9 or the mirror layer 
of FIG. 10. 
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[0056] The path change can also lead to a second unde 
sirable effect; the refractions that occur in the prism ?lm 70 
can lead to a colour splitting in the ?nal image. This can be 
corrected by a number of methods. If the White light source 
consists of 3 monochromatic or narroW band sources then 
the displayed image may be corrected by offsetting the 
individual colours. If hoWever a broadband light source is 
used, then the aberration may be corrected by forming an 
achromatic doublet at the prism layer as is knoWn to those 
skilled in the art of lens design. 

[0057] The different images may be distinguished and 
multiplexed using polarisation. FIG. 12 shoWs an example 
of this method. The polarisation of every other pixel can be 
rotated such that alternative pixels have orthogonal polari 
sations. This encoding can be achieved by a number of 
methods, but care must be taken to avoid parallax effects due 
to the distance betWeen the pixels and the polarisation 
encoding elements. One method for avoiding this parallax is 
using a Liquid Crystal Display (LCD) 86 With an in-cell 
polariser and in-cell patterned retarder 88 to encode the 
polarisations. Alternatively a collimated backlight can be 
used, then the polariser and patterned retarder can be placed 
on the outside of the cell structure. As a further alternative 
an emissive non-polarised display such as OLED display 
can be used With a patterned polarising layer on the pixel 
surface. 

[0058] To separate the polarisation encoded images, an 
element (direction changing layer) 90 With a refractive 
poWer dependent on polarisation may be used. An example 
of this, shoWn in FIG. 13, is a single angle prism ?lm 92 
such as is commonly knoWn as a Fresnel prism With a 
birefringent material 94 ?lling the prism surface. The bire 
fringent material is selected such that one refractive index 
matches that of the material of the Fresnel prism. In this Way, 
one polarisation 96 does not see a refractive index contrast 
at the prism surface and therefore exits at the same angle, 
While the other polarisation 98 sees a contrast and is 
refracted. 

[0059] Another method for separating the images, shoWn 
in FIG. 14, is by using a volume of birefringent material 100 
placed above the polarisation encoded display 86, 88. The 
optical axis is arranged such that the light experiences 
double refraction and the path of one image is deviated While 
the other remains normal to the display. 

[0060] Another method for separating polarisation 
encoded images, shoWn in FIG. 14a, uses the rotation of the 
plane of polarisation of light on re?ection. The ?gure shoWs 
input light 101 from a pixel With an input polarisation at 45 
degrees to the plane of a mirror layer comprising a plurality 
of mirrors 103. When the light is re?ected from the mirrors 
its polarisation is rotated by approximately 90 degrees. 
Therefore, a path that takes an even number of re?ections 
(path 1) Will retain the same polarisation as at the input, 
Whereas a path that takes an odd number of re?ections (path 
2) Will have its plane of polarisation rotated by approxi 
mately 90 degrees. By placing a linear polariser at the top of 
the substrate, one of the polarisations can be blocked and the 
pixel can be made to appear in either the upper or loWer 
plane. If a ?xed polariser is used and the output polarisation 
of every other pixel is rotated by approximately 90 degrees, 
then each pair of pixels Will appear in different depth planes 
and a spatially interlaced display may be used. In this 
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embodiment, the mirror layer 103 can be regarded as a 
direction changing layer, separate from the transparent sub 
strate. 

[0061] Polarisation encoding can be further extended to a 
system in Which the depth of each pixel can actively be 
changed. If instead of using a patterned retarder, a liquid 
crystal cell is used then the output polarisation of each pixel 
can be set. Again a polarising beam splitter can be used to 
separate the tWo polarisations (or any other method). Such 
a system has the advantage that no resolution is being lost 
due to having equal numbers of pixels on multiple depth 
planes. Note that as the depth of each pixel can be changed 
individually, the horiZontal offset cannot be corrected in 
software, instead a hardWare correction must be applied 
equivalent to that shoWn in FIG. 11. Also parallax problems 
must be considered due to the distance betWeen the display 
and the polarisation encoding elements. It should be realised 
that although this design uses tWo polarisation-rotating cells 
it does not contain tWice the number of absorbing elements, 
so does not suffer from the same drawbacks as many of the 
prior art tWo panel solutions. 

[0062] It is possible to encode the images temporally, that 
is, to display the images time sequentially and sWitch 
another element in synchronisation to deviate the paths. An 
example of this is shoWn in FIG. 15. In this embodiment the 
images are shoWn by a display 102 sequentially and a LC 
prism layer (direction changing layer) 104 is sWitched on 
and off in synchronisation. When switched off the LC layer 
104 has no effect on the path of the light, but When it is 
sWitched on it deviates the path, causing the image to appear 
at a different depth. As shoWn in FIG. 16, an alternative is 
to instead rotate the polarisation of the light for the sequen 
tial images displayed by the display 102, for example using 
a sWitchable retarder 106, and have a ?xed prism structure 
matched to an LC layer. 

[0063] A further embodiment uses Wavelength multiplex 
ing. That is, the images use slightly different Wavelengths so 
that they can be discriminated. FIG. 17 shoWs an example of 
this in Which narroW band colour ?lters 108 are used in an 
LC display having a backlight 110 and SLM 112. The colour 
?lters 108 are designed such that alternate pixels (corre 
sponding to different images) have slightly different red, 
green and blue pass bands. In this Way alternate pixels may 
be distinguished by their Wavelengths. This is achieved by 
using a dilfractive or holographic element (direction chang 
ing layer) 114 that changes the path of the light dependent 
on the Wavelength. 

[0064] FIG. 18 shoWs a further Wavelength multiplexed 
embodiment similar to the previous embodiment, but Where 
the different Wavelength pixels are produced by narroW band 
phosphors 116 illuminated by a UV light source 118 and 
Waveguide 120. 

[0065] It is also possible to combine the multiplexing 
methods as is illustrated in FIG. 19, Which shoWs a com 
bined time and Wavelength multiplexed method. TWo nar 
roW band light sources 122, 124 at slightly different Wave 
lengths are alternately sWitched on and the entire image is 
shoWn on the display. Again a dilfractive element 114 is used 
to separate and vary the depth of the images. 

[0066] FIG. 20 shoWs hoW the embodiment of FIG. 9 can 
be adapted to produce a display that can shoW tWo indepen 
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dent dual-depth images to tWo users. The embodiment of 
FIG. 20 uses a display 126 and parallax barrier 128 Which 
are capable of displaying four different images at four 
different angles. A prismatic ?lm (direction changing layer) 
130 is positioned above the display 126, and comprises a 
number of repeating sections of prism elements 132. Each 
repeating section 132 has only tWo upper surfaces, each of 
Which performs tWo functions. One surface produces the top 
image for one vieWer and the bottom image for the other, 
and the other surface produces the bottom image for the one 
vieWer and the top image for the other. Such a device could 
be used for example for a table-top game. 

[0067] It should be understood that the features of the 
different embodiments described above could be combined 
in any combination. For example, if tWo or more direction 
adjustment layers are used these need not be of the same 
type. For example, the ?rst direction adjustment layer could 
be a mirror layer and the second adjustment layer could be 
a prismatic ?lm. Alternatively, the ?rst layer could be a 
polarising beam splitter and the second layer a mirror layer, 
and so on. Any combination is possible. There may of course 
be more than tWo direction adjustment layers, and the 
display may display simultaneously any number of images 
each having any number of depth planes. In addition, 
although this description refers to depth planes, it should be 
understood that the images at different depths could take any 
shape, and need not be planar. Curved images are possible, 
as are images of any other shape. 

[0068] If a prismatic ?lm is used, the number of prism 
faces in each repeating section does not necessarily have to 
equal the number of depth planes. For example, FIG. 20 
shoWs an embodiment in Which one prism face is used to 
form tWo images. A polarised output display can be an 
emissive display (e.g. OLED, PDP) plus a polariser, or a 
polarised display such as an Active Matrix LCD (AMLCD). 

[0069] The embodiments described above provide a num 
ber of advantages. The embodiments use a single display 
Which makes them cheaper than multiple display solutions. 
The embodiments do not rely on stereoscopic pairs of 
images, and therefore avoid the associated eye-strain. In 
addition, there is Wide vieWing freedom because unlike 
auto-stereoscopic displays this system does not produce 
vieWing WindoWs. The embodiments are also additive, so a 
light object can appear in front of a dark background, 
Whereas the multi-layer methods of the prior art are sub 
tractive, so light objects cannot appear in front of dark 
backgrounds. This also leads to a reduced Moire effect 
compared to subtractive systems. A further advantage is that 
light not used in the images is absorbed by the display panel 
rather than being transmitted into the environment. 

[0070] The embodiments described above do not rely on 
moving parts, and no alignment is required betWeen the 
display panel and the additional optical elements. If a spatial 
light modulator (SLM) is used as the display device light 
only passes through a single SLM plus optical elements, so 
the resulting image is brighter than is the case in multiple 
SLM solutions. One display can also create more than tWo 
depth planes, as mentioned above. 

[0071] It Will be appreciated that one of the Ways in Which 
the embodiments described herein differ from the prior art 
shoWn in FIG. 5 is that, in FIG. 5 the path difference betWeen 
the tWo images arises entirely Within the mirror layer 40, 
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Whereas in the embodiments described herein path differ 
ence arise outside of the various different direction changing 
layers, such as the prismatic ?lm 70, mirror layer 78, turning 
elements 82 and 84, polarising beam splitter 90 and the like. 
It should also be noted that the foreground and background 
elements 34 and 36 in FIG. 5 are large, and FIG. 5 shoWs 
substantially the Whole panel. Whereas the embodiments 
described herein use a direction changing layer With ele 
ments of preferably less than 1 mm in at least one dimension. 

[0072] As described, the multi-depth display apparatus for 
displaying images at at least tWo different perceived depths, 
comprises: 
[0073] a display panel (66) comprising a plurality of pixels 
arranged to display at least a ?rst image and a second image; 
and 

[0074] a direction changing layer (70, 78, 82, 84, 90, 103, 
104, 114, 130, 83) arranged so that light forming said ?rst 
and second images enters the direction changing layer and 
then exits the direction changing layer, Wherein: 

[0075] in relation to the light forming said ?rst image, the 
direction of the light is changed by the direction changing 
layer (70, 78, 82, 84, 90, 103, 104, 114, 130, 83) so that the 
light exiting the direction changing layer is changed in 
direction by a ?rst angle relative to the light entering the 
direction changing layer; and 

[0076] in relation to the light forming said second image, 
the direction of the light is changed by the direction chang 
ing layer (70, 78, 82, 84, 90, 103, 104, 114, 130, 83) so that 
the light exiting the direction changing layer is changed in 
direction by a second angle relative to the light entering the 
direction changing layer; 

[0077] and Wherein said ?rst and second angles are dif 
ferent; 
[0078] so as to create a difference in perceived depth 
betWeen said ?rst and second images When vieWed by a user. 

[0079] The invention being thus described, it Will be 
obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
as Would be obvious to one skilled in the art intended to be 
included Within the scope of the folloWing claims. 

What is claimed is: 
1. A multi-depth display apparatus for displaying images 

at at least tWo different perceived depths, the display appa 
ratus comprising 

a display panel comprising a plurality of pixels arranged 
to display at least a ?rst image and a second image; and 

a direction changing layer arranged so that light forming 
said ?rst and second images enters the direction chang 
ing layer and then exits the direction changing layer, 
Wherein: 

in relation to the light forming said ?rst image, the 
direction of the light is changed by the direction 
changing layer so that the light exiting the direction 
changing layer is changed in direction by a ?rst angle 
relative to the light entering the direction changing 
layer; and 
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in relation to the light forming said second image, the 
direction of the light is changed by the direction 
changing layer so that the light exiting the direction 
changing layer is changed in direction by a second 
angle relative to the light entering the direction chang 
ing layer; 

and Wherein said ?rst and second angles are different; 

so as to create a difference in perceived depth betWeen 
said ?rst and second images When vieWed by a user. 

2. A display apparatus as claimed in claim 1, Wherein light 
forming said ?rst image travels along a ?rst path from said 
display panel to said user, and light forming said second 
image travels along a second path from said display panel to 
said user, and Wherein the portions of said ?rst and second 
paths Which lie outside of said direction changing layer are 
different in length, thus creating a path difference betWeen 
said ?rst and second paths Which creates said difference in 
perceived depth betWeen the ?rst and second images. 

3. A display apparatus as claimed in claim 2, Wherein said 
path difference arises, at least in part, betWeen said display 
panel and said direction changing layer. 

4. A display apparatus as claimed in claim 2, Wherein said 
path difference arises, at least in part, on the opposite side of 
the direction changing layer to said display panel. 

5. A display apparatus as claimed in claim 1, Wherein said 
?rst angle is Zero, so that the direction changing layer does 
not adjust the direction of the light forming said ?rst image. 

6. A display apparatus as claimed in claim 1, Wherein after 
passing through said direction changing layer, the light 
forming said ?rst image is substantially parallel With the 
light forming said second image. 

7. Adisplay apparatus as claimed in claim 1, Which further 
comprises a second direction changing layer arranged to 
adjust the direction of the light forming said ?rst image by 
a third angle, and to adjust the direction of the light forming 
said second image by a fourth angle, Wherein said third and 
fourth angles are different. 

8. A display apparatus as claimed in claim 7, Wherein 
either said third angle or said fourth angle is Zero. 

9. A display apparatus as claimed in claim 7, Wherein after 
passing through both said direction changing layer and said 
second direction changing layer, the light forming said ?rst 
image is substantially parallel With the light forming said 
second image. 

10. A display apparatus as claimed in claim 1, Wherein the 
pixels of the display panel represent the fundamental build 
ing blocks of said ?rst and second images. 

11. A display apparatus as claimed in claim 1, Wherein the 
pixels representing the ?rst and second images are inter 
laced, so that each pixel of the ?rst image is adjacent to at 
least one pixel of the second image. 

12. A display apparatus as claimed in claim 1, Wherein 
said direction changing layer comprises a prismatic ?lm 
comprising a repeating pattern of prism elements. 

13. A display apparatus as claimed in claim 12, Wherein 
said repeating pattern of prism elements is formed from a 
plurality of repeating units, With each unit comprising a 
number of prism elements equal to the number of depths to 
be displayed by the display apparatus. 

14. A display apparatus as claimed in claim 1, Wherein 
said direction changing layer comprises a mirror layer 
comprising a plurality of mirror elements. 
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15. A display apparatus as claimed in claim 14, wherein 
the spacing between said mirror elements is less than the 
spacing betWeen adjacent pixels of the display panel. 

16. A display apparatus as claimed in claim 1, Wherein 
said direction changing layer comprises a total internal 
re?ection layer comprising a plurality of transparent ele 
ments Within Which total internal re?ection can occur. 

17. A display apparatus as claimed in claim 1, Wherein 
said display panel further comprises polarisation means 
Which ensures that light from pixels representing said ?rst 
image has a ?rst polarisation and light from pixels repre 
senting said second image has a second polarisation Which 
is different from said ?rst polarisation. 

18. A display apparatus as claimed in claim 17, Wherein 
said ?rst and second polarisations are orthogonal. 

19. A display apparatus as claimed in claim 17, Wherein 
said direction changing layer comprises an element having 
a refractive poWer dependent on polarisation. 

20. A display apparatus as claimed in claim 17, Which 
further comprises a layer of birefringent material above the 
display panel, Which causes said ?rst image to be displayed 
in a ?rst range of directions and said second image to be 
displayed in a second range of directions. 

21. A display apparatus as claimed in claim 17, Wherein 
said polarisation means comprises a patterned retarder. 

22. A display apparatus as claimed in claim 17, Wherein 
said polarisation means comprises a sWitchable retarder 
arranged to alloW the polarisation of each pixel of the 
display panel to be changed betWeen said ?rst and second 
polarisations. 

23. A display apparatus as claimed in claim 22, Wherein 
said sWitchable retarder is a liquid crystal cell. 

24. A display apparatus as claimed in claim 1 Wherein said 
display panel is arranged to display said ?rst and second 
images alternately in time. 

25. A display apparatus as claimed in claim 24, Wherein 
said direction changing layer is arranged to sWitch alter 
nately betWeen a ?rst state in Which it adjusts the direction 
of the light forming said ?rst image by said ?rst angle, and 
a second state in Which it adjusts the direction of the light 
forming said second image by said second angle. 

26. A display apparatus as claimed in claim 25, Wherein 
said direction changing layer is a sWitchable liquid crystal 
prism layer. 

27. A display apparatus as claimed in claim 24, 

Wherein said display panel further comprises polarisation 
means Which ensures that light from pixels representing 
said ?rst image has a ?rst polarisation and light from 
pixels representing said second image has a second 
polarisation Which is different from said ?rst polarisa 
tion; 

Wherein said polarisation means comprises a sWitchable 
retarder arranged to alloW the polarisation of each pixel 
of the display panel to be changed betWeen said ?rst 
and second polarisations; 

and Wherein the display apparatus is arranged so that said 
sWitchable retarder causes said ?rst image to be dis 
played by the display panel With said ?rst polarisation, 
and said second image to be displayed by said display 
panel With said second polarisation. 

28. A display apparatus as claimed in claim 24, Wherein 
substantially all of the pixels of the display panel are used 
for said ?rst image, and also for said second image. 
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29. A display apparatus as claimed in claim 1, Wherein the 
pixels of the display panel are arranged so that the pixels 
representing said ?rst image produce light having a ?rst 
Wavelength, or a ?rst plurality of Wavelengths, and pixels 
representing said second image produce light having a 
second Wavelength, or a second plurality of Wavelengths, 
and Wherein said direction changing layer is arranged to 
adjust the direction of light having said ?rst Wavelength, or 
?rst plurality of Wavelengths, by said ?rst angle, and to 
adjust the direction of light having said second Wavelength, 
or second plurality of Wavelengths, by said second angle. 

30. A display apparatus as claimed in claim 1, Which is 
arranged to display at least ?rst and second multi-depth 
images, 

Wherein said display panel produces said ?rst and second 
images to form said ?rst multi-depth image, 

and Wherein said display panel also produces third and 
fourth images Which form said second multi-depth 
image. 

31. A display apparatus as claimed in claim 30, 

Wherein said direction changing layer comprises a pris 
matic ?lm comprising a repeating pattern of prism 
elements; 

and Wherein said prismatic ?lm comprises at least one 
prism element having a surface Which is used to 
produce both one of said ?rst and second images and 
one of said third and fourth images. 

32. A display apparatus as claimed in claim 14, Which 
comprises a polariser and further re?ecting surfaces 
arranged so that light forming said ?rst and second images 
may undergo an odd or even number of re?ections from both 
said mirror elements and said further re?ecting surfaces 
before reaching the polariser, and Wherein the display panel 
is arranged to display said ?rst and second images with 
different polarisations. 

33. A display apparatus as claimed in claim 32, Wherein 
the mirror layer is formed Within a transparent substrate. 

34. A display apparatus as claimed in claim 12, Wherein 
said prismatic ?lm is integrally formed With a substrate 
Which is arranged so that total internal re?ection Within the 
substrate increases the path difference betWeen light forming 
said ?rst and second images. 

35. A display apparatus as claimed in claim 1, Wherein 
said display panel is a multi-vieW display panel arranged to 
display said ?rst image in a ?rst range of directions and said 
second image in a second range of directions. 

36. A display apparatus as claimed in claim 1, Wherein 
said ?rst and second images are produced by only a single 
display panel. 

37. A method of producing at least one multi-depth image 
using a display apparatus as claimed in claim 1, the method 
comprising at least the steps of: 

a) using said display panel to display a ?rst image in a ?rst 
range of directions and a second image in a second 
range of directions, and 

b) adjusting the direction of the light forming said ?rst 
image by a ?rst angle, and adjusting the direction of the 
light forming said second image by a second angle. 

* * * * * 


